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STUDIES IN LIFE-HISTORIES OF AUSTRALIAN DIPTERA
BRACHYCERA.

Pabt I. Stkatiomyiidae.

No. 3. On the structure of tlie mouth-parts and pharynx of the larval

Metopunia nibicepK.

By Vera Irwin-Smith, B.Sc, F.L.S., Linnean Mackay Fellow of the

Society in Zoology.

(Plate xxxiii., and twenty-six Text-figures.)

No satisfactory description exists of the mouth-pai'ts of any larval Slratio-

mi/iidae other than a few aquatic species. Vaney (1902) and Jusbaschjanz
(1910) have done some work on the genera Stratiomi/ia and Odontomyia; an<l

Becker has taken the genus Stratiomi/ia as the type of the family Stratiomyiidae
in his general account of the mouth-parts of Dipterous larvae (1910). But

many of the features present in this genus, such as the great development of

tufts of hairs on the jaws, must be regarded as highly specialised adaptations
to the aquatic mode of life, and a more typical form must be looked for in the

soil-inhabiting species. Very few attempts have been made to study these in

detail. Tragardh's description of PacJujgaster miitutissima (1914) contains a

bi'ief account of the head and mouth-parts, with several Hgures, which, un-

fortunately, are not very clear. He points out the difficulty of getting a good
idea of these structures, and of their homology with those of other fly larvae.

Indeed, most Dipterologists, from Brauer onwards, who have studied tlie larval

forms, mention the great technical obstacles in the way of their elucidation.

The parts are all very minute, and are composed of such dense chitin that the

clearing, sectioning, or dissection of them seldom gives good results. The

knowledge of the mouth-parts of the whole group of Diptera Brachycera is,

for this reason, very meagi-e. Brauer, forty years ago, made an excellent com-

])arative study (1883) of the material then at his disposal, and Becker has

since contributed (1910) some additional information on the same subject, from
the study of a few more representatives of the different groups. But he, too,

draws attention to the paucity of the data on which to make generalisations and

to interpret the nature of the separate mouth appendages. Therefore, until

the larvae of all the families of Brachycera have been studied in greater num-
bers of species, and in greater detail, I do not think it possible to add any-

thing of value in this connection ; and, for this reason, I have not attempted,
in the following description, to compare the various structures with those

described in other Stratiomyid larvae, and in the larvae of any other of the

Brachycera.
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Tlie ,Straliumf/iiilae beliing to that group of fly larvae oharaeterist'd by

having parallel jaws, woiking upwards, or outwards, and downwards, jis dis-

tinguished from those with opposing, horizontally moving mandibles. The adap-

tation accords with thci^ method of obtaining nourishment by suction, instead

of by biting and chewing; and the larval Metopunia riibriceps. which lives on

the juices in the roots of grasses, shows this feature very well. A liricf des-

cription of the mouth-parts is contained in the first paper of this series (Irwin-

Smith, 1920). The present paper gives the results of more detailed morpholo-

gical investigations.

Mouth-parts.

Hounding the upper side of the oral aperture is a smooth, cylindrical, peg-

like process, the median process (hi.;).). It is not movable, and is really the

terminal apex of the shield-shaped sclerite which covers the greater part of the

dorsal surface of the head (Text-fig. 2). At the base of the median process

the lateral edges of the sclerite bend inward and downward into the interior

of the head, forming a sort of internal skeleton, and enclosing a cavity which

continues up into the median process (Text-fig. .3). The process appears to

be a composite structure, formed by the fusion of a median and two side pieces.

On the ventral side, where the fusion is incomplete, two longitudinal slit-like

apertures communicate with the hollow interior of the process. Laterad of those

are two downwardly directed knoli-like projections. On the dorsal surface,

the anterior extremity of each side piece is marked by a ridge, and immediately

in front of this is inserted a fine hair (Text-fig. 1). A similar, but somewhat

larger hair is situated further hack, in a deep circular depression. The median

jH-ocess measures about 0.03 mm. across the tip, and 0.14 mm. from tip to base

on ventral side. Tlie whole sclerite, including the median process, and the in-

ternal ridges, is composed of very dense, dark brown chitin. and <'an be dis-

Text-figures 1-6.

I. Dorsal view of anterior end of head, (x 120). 2. E.xternal view of dorsal sclerite. (x 32).

;!. Internal view of tlie same, with one lateral plate still attacheil. (xf>6). 4. Ventral

view of mouth parts, (x 120). 5. Mouth jaws, (x IflfJ).
6. Portion of cuticuhir wall

just below ventral processes showinfj (jlandular apertures (.'). (x 320).

/, jaw ; /./>., lateral plate ; w.^., median process.

sected away from the remaining parts of the head in a single piece (Text-fig. 2).

Posteriorly, it is connected up with the sides of the head by a stout, mem-

branous cuticle, having an armour of hexagonal plates somewhat similar to those

on the body (Text-fig. 3). Furtlicr up, it is firmly fused with the dense chitin

which forms the lateral "bosses" and extends forward in the shape of two
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sharply-pomted lateral plates (Z.p.). These plates, although firmly united with
the median process, in such a way as to allow of no separate movement, can be
broken away from it fairly readily, when the pai-ts are dissected out. From
their hard, strong ai)iees they extend downward in a deep curve, to unite in

the ventral median line in a structure of much softer composition, which forms
the ventral Ixjuudury of the oral aperture. Its edge is fringed with several rows
of soft processes (Text-fig. 4).

Immediately below these processes, there is, in the cuticle, a group of
what appear, to be the openings of ducts. A pair of these is situated close to

the centre line, with two more on each side a little furtlier. back (Text-fig. 6).
The lateral plates are hollowed out to form sheaths, or sockets, for the

two movable mouth jaws (Text-figs. 5, !l). These jaws, although very minute,
less than a tenth of a millimetre long, have a very complicated and interesting
structure. In form they are somewhat conical, having a broad oval base (Text-
fiu'. 10) and a pointed apex. The apex consists of a single, relatively large

(0.026 mm. long) tooth of dense chitin, which rests on, and articulates with
the chitinous internal framework which strengthens the liack part of tlie jaw
(Text-flg. 11). This framework serves, also, as the point of attachment for the

muscles which move the tooth. With the exception of these chitin structures,
and another ciiitin mass at the base, the entire jaw is composed of several

distinctly marked off areas of clear, colourless composition.
Below the tooth is a soft, rounded, cushion-like swelling, having on its

outer face two small, oval patches, which ajipear to be of the nature of sensory

papillae. A di'e]i gi'oovc separates this swelling from a phitc wliicli l)pnrs on

Text-figures 7-13.

7. Inner edges of the two jaws, (.x 280). 8. Denticles of jaw. (x 320). 9. Side view of

entire jaw. (x 280). 10. Transverse section through lower part of jaws, (x 280).
11. Apical tooth of jaw, showing attachments of muscles which move it, (x 200).
12. Oral termiuation of pliarynx, showing the pillars which support the jaws, (x 120).

13. Attachments of muscles which move the whole jaw. (x 120).

its outer face from five to seven transverse rows of minute denticles (Text-figs.
7, 8, 9). The denticle plate extends to that part of the jaw which is nearest
to tiie opposite jaw, but does not continue round its inner face; so that the
denticles of the two jaws are hardly opposable. On the back of the jaw,
where it moves in the socket of the lateral plate, the cuticle is raised into a
series of serrated ridges (Text-fig. 9).
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The whole jaw is supported by its base on a central chitinous peg, which

acts as a pivot on which the jaw can move with a rocking movement. The
muscles which move it are shown in Text-fig. 13. They extend back through
the head for some distance, to be inserted posteriorly in the head wall. Average
measurements for the jaw axe 0.088 mm. from apex to base, and 0.085 mm. in

diameter from front to back.

The pivots on which the jaws work form part of the chitiuous wall sur-

rounding the anterior end of the pharynx. The oral aperture is situated just
at the base of the median process, where the latter opens out into the internal

cavity of the head (.Plate xxxiii., fig. la) and here the strongly chitinised rim

of the pharynx grows up on each side, in the form of a stout, curved, pointed

pillar (Text-fig. 12) to support the jaw. Lying free between these, in the

oral o])ening, are two verj- small ))locks of ehitin. The opening is quite con-

cealed by the overlying jaws and (irocesses, and is only revealed by careful

dissection.

In his description ol' the mouth parts of Stratiorayid larvae which

he had examined, Becker makes the statement that there is no median mouth

opening, and that nourisliment is taken in through the lateral slits in the walls

Text-figures 14-17.

Drawn from cast skins of first ecdysis.
14. Front view of head, showing terminal mouth, and jaws, (x 320). 15. General view

of head, from antero-dorsal aspect, (x 190). Iti. Anterior part of head, dorsal view.

(x320). 17. Internal view of same, showing pharynx, (x 320).

(^.r.
,

dorsal ridge ; i/.i., dorsal sclerite ; >«., mouth; i/i., spiracle.

of the median process which, he suggests, has been formed by tiie coalescence

of upper and lower lips. That this is not the case with the larva of Metoponia
rub rice ps is very clearly shown by an examination of cast larval skins, found
with the empty egg cases and newly hatched larvae. These skins have been
described in the second paper of this series (Irwin-Smith, 1921). The east of

the head retains tiie original shape and position of all the parts, and is very

interesting as showing an earlier stage of development than is seen in the

hatched larva itself. In the cast skin tiie mouth opening is (juite terminal in

position, and is bounded only by the two stout jaws (Text-figs. 14-17). Of the

lateral ehitin plates, which afterwards ensheath them, there is here no trace.

'I'iie dorsal sderite is already well develojied and clearly marked off by a

thickened rim {d.s.). In the middle of the sclerite there is a longitudinal ridge

(d.r.) whicii terminates towards the anterior end in a short, pointed outgrowth.
Tliis is evidently the rudiment of the median proc^ess. A careful examination of

the position of the hairs surrounding it seems to show that the median process
of the fnlly-develoi)ed larva is formed from it, by the overgrowth of this portion
of the sclerite and a pushing forward of the process on to the part of the

sclerite lying in front of it, aii<l its fusion with the side walls. The skins being
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very minute, the exact structure of the parts can only be made out with

difficulty, under high magnifleations ;
and for a full working out of the details

of development, a complete series of the embryonic stages would be required.

Unfortunately, I have been able to liatch out only one batch of eggs, and of

these, have only the last stage, immediately before hatching, for examination.
At hatching, the mouth parts of the larva differ ver>' slightly from those of the
older larvae. Some dozen or more skins were obtained, closely tangled uj) with
the empty egg mass; aiid all show exactly the same stage of development.

In the casts, the terminal portion of the pharynx is already surrounded by
a thickened outgrowth of chitin, but from this (joint the pharynx runs liaclj

through the head as a simple structure of imiform width (Text-fig. 17). None
of the skins contain any trace of an internal chitinous skeleton, or indication
of the presence of the masticatory apparatus, which is such a prominent and
characteristic feature of the larva.

The Pharynx. (Plate xxxiii., figs. 1-5, and Text-figures 18-26.)

Vaney, Becker, and Jusbaschjanz have described this apparatus (calletl by
them the "Sclilundkopf") as it appears in the aquatic larvae which they

examined; and Jusbaschjanz has studied it by means of transverse sections, and
has given some figures of it. It is a highly complicated and beautifully adjusted

piece of mechanism, and requires a good deal more study than has been given
to it. The figures and descriptions already published are not vei-y clear, l)ut

in Metoponia n(briceps the apparatus seems to differ somewhat, in form and

structure, from those previously described. Satisfactory sections through this

part of the larva are difficult to obtain. The chitin composing it is so dense

and brittle as to defy all attempts to soften it sufficiently for the microtome,
and the parts become shattered in the cutting. Dissections show the relation-

ships of the various parts very well, but the study of transverse sections has

necessitated much cai-eful reconstruction, after detailed examination of long
series of torn fragments.

As in all Stratiomyid larvae, the dorsal sclerite of the head is continued

back through the first thoracic segment as an internal skeleton in the form
of a dorsally convex arch, the dorsal head plate {d.p.). It extends to the

middle of the second segment, and is firmly held in position by means of power-
ful muscles attached to the body wall, which ai'e shown in Text-fig. 20 and Plate

xxxiii., fig. 1. Its ventral surface serves as the point of attachment for the dilator

muscles of the pharynx (d.m.).

The pharynx {ph.) lies in the space between its lateral margins, and ter-

minates posteriorly about the middle of the first segment, in the complicated

masticatory apparatus already referred to. From this, the slender, thin-walled

oesophagus passes straight back, below the dorsal plate, to open into the

proventriculus at the level of the third thoracic segment (Plate xxxiii., fig. .5).

In transvei-se sections, stained with Iiaematoxylin and eosin, the dorsal

head plate is seen to consist of several layers of chitin (Text-fig. 18). In cutting,

it frequently splits apart, along the middle line, into an upper and lower por-
tion, of equal width, each pai't graduating from a pinkish colour on the inside

to a dark yellowish brown on the outside; and in contact with the latter layer
all round, dorsally and ventrally, is a layer of hypodermis. The lateral edges
are rounded and thickened, with an additional layer of brown chitin along the

upper surface (Text-fig. 19).

Anteriorly, the walls of the doreal .sclerite close in on the pharTOX, but, so

far as I can make out, there is no connection with it such as Jusbaschjanz
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describes in the larvae of Stratiomi/ia ami Odontomyia. The pharynx seems to

lie free in the head cavity tliroughout its length. It is bow-shaped in trausveree

section, the string of tlie bow representing the dorsal wall (Text-fig. 21). Its

ventral wall consists of a deeply arched piece of chitin. in two layers, the inner

Text-figures 18-26.

Transverse sections, showing; the structure of dorsal head plate and pharynx.

IS. Dorsal head plate. (xti6). 19. Lateral margin of head plate (x 160). 20. T.S.

through 1st thoracic segment in region of spiracles, (x .32). 2]. Pharynx, in region of

head, (x 120). 22. Pharynx, further back, (x 120). 23a. Dorsal wall of phai-ynx.
"

(x 130). 23d. Median ridge of same, (x 200). 23r. Portion of wall, (x 320).

24-26. Pharynx in region of "
wing-bearer." (x 160).

li.iii., dilator muscles of pharynx; d.p., dorsal head phite ; hyp., liypodormis ;

ph., pharynx ; Z'.a'., ventral wall of pharynx.

pink, (lie outer yellowish-brown. Its lateral rims iu-e .strongly thickened and

knob-like, and bounding it externally is a tliTek layer of hypoderrais, consisting
of a single row of cells.

The dorsal wall is of <|uite different composition, consisting of a substance

whieii appears to I)e of a tough, ehistic nature, and stains a deep blackish

brown. It, also, is bounded externally l)y hypoderniis. Along its median line

are inserted the twelve or fourteen pairs of dilator muscles, which stretch be-

tween it and the dorsal wall (d.in.\. By their contraction, these muscles evidently

enlarge tiic cavity of the pharynx, and cause it to act a,s a powerful sucking

apparatus.



Br VERA IBWIX-.SMITH. 431

The effect is augiuonted by the actiim ol the peculiar mechanism at the

posterior end of the pharynx. This is a greatly thickened chitin structure,

wedge-shaped in ventral view, with bruad base at the posterior end (Plate xxxiii.,

tigs. 3, 4). It takes the place of the dorsal pharyngeal wall, and projects, by
its downwardly curved under surface, into the space enclosed by the crescentic

ventral pharyngeal wall. It is attached to the ventral wall on each side by a

tough, dark-staining membrane, which appears to be similar in composition to

the dorsal wall higher up. Dorsally it projects upwards and outwards in the
form of two broad, stout, wing-like processes. Two powerful muscles, attached
to each wing, extend Ijaikwards to be inserted in the posterior margin of the

dorsai head plate (Plate xxxiii., figs. 1, 2). By the contraction of these

muscles the upper part of the "wing-bearer" would be pulled outward and
downward, while its ba.se would work against the face of the ventral wall (Plate
xxxiii., fig, 4). Apjiarently the reverse movement is effected by the elasticity
of the ligaments connecting it with the phaxynx anteriorly and laterally. I
cannot detect the presence of antagonistic muscles, although such muscles are

described by both Vaney and Jusbaschjanz. But, as the "Schlundkopf," or

masticatory apparatus, examined by tlieni was globular in form, it will be seen
that the details of its structure and relationships must necessarily be somewhat
different. 1 have not been able to find anything to correspond with the lateral

chitin plates which Jusbaschjanz describes as projecting up from the basal plate
of the wing-bearer, and connecting dorsally with the forked median plate which
bears the wings. However, as I have experienced great dilHculty in cutting this

apparatus and have not been able to get a complete series of sections, I cannot

speak with certainty of its structure throughout its entire length, or of the

exact way in which it connects with the dorsal pliaryngeal wall anteriorly. The

figures of transverse sections given here represent careful reconstructions of

those parts which I have been able to study in detail.

In the region of the jiharynx immediately anterior to the "wing-bearer,"
the dorsal wall has the appearance shown in Text-figures 22, 23. There is here

a short median process, to which the paii-s of dilator muscles are attached, and
which dift'ers but little in composition from the rest of the dorsal wall.

Text-figures 24 to 26 represent transverse sections through different parts
of the wing-bearer itself. The first tapers from the broad base to a point dor-

sally : the next shows a broadening and slight forking of the dorsal portion,
the third the expansion into the two "wings." To the angles of tlie base are

attached the ligaments which connect it with the ventral wall, here seen torn

away from their connections in the sectioning. A broad layer of hypodermis
covers the dorsal surface of the wliole structure, and is continued along the

connecting ligaments. The "wing-bearer" consists of an outer layer of chitin,

staining dense brown, merging towards tlie interior into a clear pink, which
encloses a central core of much lighter and apparently softer composition. It

seems to be made up of a loose fibrous material, which is so transparent that, in

surface view, the wing-bearer has the appearance of being hollowed out in the

middle. But in transverse sections it is seen that this core broadens out into

a base which is deeply convex.

In all the sections which I have examined, this liase and the ventral plate

present firtn, smooth surfaces to each other, but in the posterior part of the

apparatus there is a roughened appearance, suggesting denticles or other tooth-

like structures, on a much denser foundation, which I did not succeed in sec-

tioning.

The wing-bearer measures 0.33 mm. in length, with a breadth of 0.30 mm.
to the tip of the wing.
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EXPLANATIONOF PLATE XXXIII.

Sucking apparatus of larva of jMetoponia rubriceps.

Fig. 1. Dorsal view of head and Ist thor.acic segment, showing systems of muscles con-

trolling dorsal head plate and pharynx, (.x 48).

Fig. In. Oral termination of pharynx, (x 190).

Fig. 2. Lateral view of dorsal head plate and muscles of pharynx, (x 48).

Fig. ,3. Ventral view of posterior end of pharynx, showing vring-bearer. (x 100).

Fig. 4. Lateral view of same, (x 100).

Fig. 5. Anterior h.alf of l.arva, giving a general view of the anterior portion of the

alimentary system, (x 15).

c, chitin support for jaw ; d., dorsal muscles of head plate ; d.»i., dilator muscles of

pharynx; d.p., dorsal head plate, i?.,edge of internal skeleton of dorsal solerite
;

oe., oesophagus; ^t/. , proventriculus ; z'., ventral muscles of head plate; a'., muscles

of wing-bearer ; w.h.
, wiug-bearer ; v.7v. ,

ventral wall of pharynx.


